Abstract-In backward visual masking, it is common to find that the mask has its biggest effect when it follows the target by several tens of milliseconds. Research in the 1960s and 1970s suggested that masking effects were best characterized by the stimulus onset asynchrony (SOA) between the target and mask. In particular, one claim has been that the SOA for which masking is optimal remains fixed, even as target and mask durations varied. Experimental evidence supported this claim, and it was accepted as an SOA law. However, recent modeling (Francis, 1997) and experimental studies (Macknik and Livingstone, 1998) argued for new ISI (interstimulus interval) and STA (stimulus termination asynchrony) laws, respectively. This paper reports a mathematical analysis and experimental tests of the laws. The mathematical analysis demonstrates unsuspected relationships between the laws. The experiments test the predictions of the SOA, ISI, and STA laws. The data favor the ISI law over the SOA and the STA laws.
INTRODUCTION
In backward visual masking, the subsequent appearance of a mask stimulus tens of milliseconds after a briefly presented target stimulus can render the target nearly invisible. In many studies of masking, performance on some task that measures visibility of the target is plotted against the stimulus onset asynchrony (SOA) or the interstimulus interval (ISI) between the target and mask. The resulting curve is called a masking function.
One of the interesting properties of backward masking is that the masking function is often u-shaped (e.g. Alpern, 1953) . U-shaped masking functions are particularly common for metacontrast masking, where the mask contours do not overlap the target contours. For short SOAs the target is clearly seen, and the required task fairly easy to perform. For middle duration SOAs (often around 80 milliseconds), the target is harder to see and the task difficult to perform. For long duration SOAs the task performance is again quite good, perhaps because the target is processed before the mask appears. The decrease in performance as the SOA increases is interesting because it implies that the effect of the mask is not just to halt the processing of the target. If the mask simply halted target processing, then increases in SOA would be expected to allow for more processing and so better performance on the task (or at least, not worse performance). Because of this characteristic, the u-shaped masking function and its properties have been heavily investigated (see Breitmeyer and Ögmen (2000) and Francis (2000) for recent reviews).
Several laws of backward masking have been formulated that describe the properties of these u-shaped curves. The earliest backward masking law was called the SOA law (Kahneman, 1967) . This law stated that the strength of masking was primarily determined by the SOA, so that even as target and mask durations varied, the masking function would not change shape or magnitude. Recently two other laws have been proposed (Francis, 1997; Macknik and Livingstone, 1998) for masking functions that are based on ISI or STA (stimulus-termination asynchrony: the interval between the termination of the target and the termination of the mask).
The purpose of this paper is to test the validity of these laws and to identify which (if any) is most appropriate. The next section describes the laws in more detail. Mathematical instantiations of the laws are then analyzed to show relationships between the laws. The following section then describes experiments that test the validity of the laws.
LAWS OF BACKWARD MASKING
Each law makes claims about whether masking is best characterized as a function of SOA, ISI, or STA. The following sections describe the different laws and give a bit of background about how the laws came to be formulated.
Equal duration SOA law
Kahneman (1967) measured masking functions for a variety of target and mask stimuli. In his experiment observers viewed a square target that was followed by two flanking mask squares. Kahneman used five equal target and mask durations (25, 50, 75, 100 and 125 ms) and 11 SOA values for each of the durations. The observers were asked to rate the degree of masking on a scale of 0 (no masking) to 5 (strongest masking).
The resulting masking functions are shown in Fig. 1 . The most striking characteristic of these data was the overlap of the curves for different stimulus durations. Kahneman (1967) proposed that the experimental data could be summarized by an
